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2 lïimS. 
1 
The.present inventienha s for ,anobject to.pro- 
vide ,,n impreved film d,riving mechanism for 
an aeri-al emera of the -type wherein .the lm 
is moved during exposure as the aircraft n which 
the eamera is .mounted ïïies over fihe .objective or 
target. 
In the use of a siit Camera ïor am:ial phetog- 
raphy, it is necessary in ortier to obtain .a clear 
image that-the_ speed o .the film sha:ll :be .equgl 
to the speed of movement of {he image on he 
film ;in the foca pla.ne. OEo .ih en, e Speed 
o ihe-lm mt be çha.ngd as either the .ground 
speed of ihe .aircaft .or the liade àb0ve the 
objective va,les. 
Thi-invêntn-pr0yidçs -a lm ziving mecha- 
nm by means of which .the speed bf the Im 
can be mintained suh as to satisy-e ï:formflla 
 whch 
It ]s i%1 6fiveiéfltfor :He pilot è sC 
aclïy introduc the ,rooEu peC, 'r what 
 Pr0Xima%êlF._%he :sainWOEh, thè air 
C}!F %h sPee .e"h Im S :he-alfude 
Wr d ih èihr Cs oï-st or 
nmè8 shwn, he/'usmïe88 :fr qitlon 
of :'àlitu -fs :d :.ë Conrbl of  rd l- 
ier. 
The natte nd objecs of %h qefiin 
be beter ndrtoèd frm a dèbipin b:f 'à PT- 
fior IIraie em0imènt thereof 'or 
pPos f -hich ripin fëreCL -ie :I i a chm/Ic égW f ,:a 
 i. 2   side ïvïew rl i Cosei 
the .tachomëêr enertor nd ea atë 
thoEeWith. 
.Fi.  is :a scti0nal iew of :,he sèrvomïotor 
it :and ,gèarin flriefi tHrèby  cotl the 
filmsPed. 

.OFFICE 

(CI. 9512.5) 
l 2 
-Fig. 5 :is a .diagram -indicating the relation o 
elements .of the-formula-of 0Peragion.._ 
Fig..6 is « detfl view .of the slit adjusting 
mechanism. 
 Fig. 7 is a sectional view o the iit contrbl 
unit. 
Fig. 8 is a view of he cam shown in Fig. . 
Fig. 9 is another sectionl View oï the slit,con- 
trol unit tàken .on he :line 9, of Fig. 7. 
10 g. 10 is a perspective view shoing Certain 
detafls 0 thCprÙuctTëÂay.. 
ig. 1.1 is an tecrical diagram. 
. The contr01 .mehanis.shown :for .the pposes 
of illustraring ,the prciPies of the inveti0n 
1 designed-fo r pPliçation to a camera .to cohtrol 
the pd of the fi and the with 
pose siit. 
:e standa film speed contrel mecHnism 
 of the camera ]s mataed cotan! 
G pr0per adjustmentb servomotr $, Fig. OE, h6h 
in tn is controlled by an electricl Circuit 
Sponsive auÇmaticall t0 vriati . altitude 
as diSd by-thè alteter ] and adjusble 
ma-nUal .f6r he sD6d f he oecrft "bY .mea 
5 of a_ rooEud .Ped resance 8. he SPed :of 
the film  hWbamera ïs introduc.  he 
electibal ontoi oeuit b a 6achomër 
erar 9, Fig. 2, .iven from he film spd dï- 
in .mchiS '0f -he 
Thè sërom-6%r " -i cbhtr0iled bF a Product 
30 rëla- ]0 of 'the cPr .hVing unt curC 
frm MtC  nd ah6mter generar 
Ofl .t. fab6r urënt, aS shwn, tNe .nrrent 
genetè  hWgChometer genCt, .m0- 
35 gr6Un .èd .f he craft, %bus introduoing 
the 0  Iàr in0 he .fi contrel. 
hen Ne Valuë f h .0d Ped bf é ir- 
craft, thWaltitude nd %he Seed 6f.thè Im/%L such that the formula 
40 
is :Batïs, :thè .cbui ils  -èlïrim -bt whn 
thè Sped 0f %H fil inCféses br dreSës 
45 Whën hè :ltiud eci'aéS :or ïncfeàSeS, 
lg ill Përat o USWà-:dCrCse 
thWfilm Pëd espively. 
change of setting of the ground Spd :ribè 
8 by the pilot would :change the point of equi- 
50 librium of the contr01 .CIt with a corrpond- 
ing change of speed o the film. 
The .arrangement ,ïor accomplhg «court.bi 
includes :a swih .  operaing as a pat OE the 
product elaF nd a vaeu tue t4 seas 
5 an mplifler to enere %he revérsi 



3 
ïor the servomoter. Limit switches J0 and J7 
prevent overrunning of the servomotor. Tube 
4 is shown as a 28D7 double beam power 
plifier. 
In the formula, VF may be treated as a con- 
stant which changes with each resetting of the 
ground speed unit 8. The formula is satisfied if 
av ls equal fo that constant. In the circtfit 
shown, the product relay 0 is energized by cur- 
rents which are proportional respectively to the ]0 
altitude and the film speed. The current from 
the altimeter may be introduced directly into 
the fleld coil and a current corresponding in 
value to the voltage generated by the tachometer 
generator may be introduced into the armature 
coil. A jumper $ shorts a resistance 9 of the 
altimeter to compensate for the added resistance 
in the relay circuit. 
The current actually delivered by the particular 
altimeter used in the circuit illustrated ls equal to 
the sure of a constant plus a carrent nearly pro- 
portional to the altitude. This total current from 
the altimeter is introduced into the relay in a 
fIeld winding 20 and a second current equal fo the 
constant component of the altimeter current but 
of opposite sign is introduced in a second fleld 
winding 2 whereby the resultant fleld effect is 
proportional fo the altitude. PIair spring 22 tends 
fo hold the armattu'e coil 2 of the relay in a nor 
mal position. The current developed by the 00 
tachometer generator is introduced into the 
armature coil 2. This generator is designed to 
provlde a cure'ont having a relatively small A. C. 
comportent of low frequency fo make the relay 
more sensitive. The circuit is arranged to app!y 
to the armature coil also a small voltage through 
an adjustable resistance 2 fo oppose the voltage 
provided by the tachometer in order to remove a 
constant error in the computed speed of the 
camera film. 
The force due to the fleld coil current and the 
armature coil current, representing the product 
av, ls balanced by the force of the hair spring 
representing the constant product VF of the 
formula. The force applied by the hair spring 45 
fs adjusted by manual rotation of the dial 20, 
Fig. I0. 
The level oï the opposing voltage applled o the 
armature coil which wfll provide the desired ban 
ance oï the formula for various ground speeds is 50 
obtalned by means oï the ground speed resistance 
8 which ïorms part of the electrical circuit. With 
Increase of ground speed, more resistance is in- 
roduced into-the circuit. t is a ïeature of the 
invention that simple provision is made for ad- 55 
justment oï the relay in accordance with the focal 
.length oï the camera lens and the angle oï 
clination oï the pical axis o the camera fo the 
horizontal plane. 
If is sometimes desh'able fo photograph a strip 
oï ground iying fo one side of the line oï fligh 
of the aircraït, in which cas the optical axis oï 
the camera wi11 be inclined and the altitude h no 
longer accurately represents the distance from 
the camera fo the objective. For the purposes of 65 
such operation the formula ubove may be ex- 
panded to include the angle of inclination of the 
optical axis thus 
VF sin 0 
v : 70 
wherein the new factor sin o fs the angle between 
the optical axis of the camera and the horizontal. 
When operating the camera in such manner 
the udjustment of the hair spring 2 by the dial 75 

4 
2 will be slightly different as indicated ,by the 
formula. Lenses of different ïocal length may 
also be substituted on occasion. In order fo 
facilitate such adjustment the dial and the ref- 
erence plate adjacent thereto can be provided 
with sers of suitable graduations. 
The tachometer generator unit as shown in Fig. 
2 is arranged to be installed on the camera in 
such position that it may be driven from one of 
the gears of the film driving mechanism. As 
shown, the unit comprises a casting wlth a foot 
plate for attachment to the gear plate of the 
camera. A double gear 26 fs positioned to be 
driven by a film drive gear and it in turn drives 
through a horizontal shaft 28 and beveied gearing 
29 and 3, the vertical shaft 31 to whicb the 
tachometer generator 9 fs secured. 
A suitable electrical connector socket 32 ls pro- 
vided for attachment of un electrical conductor 
cble. The voltage generator fs proportional to 
the speed of the film within the operating limlts. 
The servo speed adjusting motor 0 ls shown in 
Fig. 3. It drives shaft 30 which through worm 
and wheel gearing controls the speed control dial 
6. In order to prevent overrunning of the servo- 
motor, a pair of limit switches indicated at 
and $0 are arranged to stop the motor at either 
limit of the operating range. 
The limit switch arrangement includes a worm 
wheel $9, Fig. 4, driven by a worm 
and an arm ! actuated from the worm wheel. 
As shown, a dog 2 on the worm wheel engages 
a dog 3 secured to the arm 41. As shown, the 
urm  is supported in a stationary plate 44 to 
more in opposite directions sufficiently fo operate 
the reversing switches 7 and 30. A disc 4 on 
the opposite side of the supporting plate 44 fs se- 
cured fo the arm 41 by suitable bolts extending 
through slots in the plate. Worm wheel 39 bas 
free rotation thru nearly 360 °. 
It fs desirable fo provide means for varylng the 
width of the slit of the camera to obtain dif- 
ferences in the rime of exposure as light condi- 
tions and the character of the objective photo- 
graphed requiïe. It fs also desirable to provide 
variation for altitude and ground speed, and pref- 
erably automatically, in order that the slit width 
may be suitsbly correlated with the film speed 
and other factors. Adjustments or light con- 
ditions and the type of objective to be photo- 
graphed are ruade manually to avoid the compli- 
cation of light measuring devices and arrange- 
ments for automatically controlling the slit there- 
from. A manually adjustuble rive point cam 
engaged by a follower 0 controlling the exposure 
slit provides for the selection of one of flve ex- 
posure slit widths. A further adjnstment in ac- 
cordance with altitude fs ruade automatically by 
rotation of the cam. 
As shown in Figs. 7 and 9, the cam 
cured fo shaft  and held in selected position 
relative to a loose worm wheel 00 by pin 0 car- 
ried in sliding collar 2 and operable through 
collar  fo engage any one of rive locking holes 
6 in the worm wheel 0. In order fo set the 
cam, the collar 02 fs lifted by hand grip 2' fo 
retract the pin from the worm wheel 0, the 
shaft fs turned fo a new position and the pin 
reinserted. Automatic adjustment for altitude 
is obtained by rotation of cam 
small angle under control of the servomotor 
To this end a shaft 00 fs driven from servo- 
motor shaft 0 (Fig. 3) through pinion  and 
gear 7. A flexible shaft 00 is connected to be 
driven by shaft 0 and to operate the camer 



slit control mechanism. As hown in Fig. 9, .the 
flexible shaft 58 drives .through gears-59 and 
6} and shaft 6 J, a worm {2 engaging the worm 
wheel 
As the servomotor .operates fo increase or de- 
crease the speed of drive of the film, the cam 
4 .will be actuated simultaneously and corre- 
spondingly o control the width of the slit. 
In lig..6 is shown the slit .mechanism and 
connections by which the follower 48 actuates a 
device to modify the width of the slit. The slit 
blades {5, 6{ .are moved toward and from each 
other to vary.the size of the slit by rock shafts 67, 
65 ttn'u arrrs 68, 7}. The rock shafts are connect- 
ed fo lock oppostely by arms  J, 2 and they are 
actuated fromcm 4 and follower 4 by arm  on 
which the-follower is carried. 
A ballast tube 4 and resistance 7 are in- 
cluded in the circuit to improve the operation. 
Speciflcally, the operation of the mechanism is 
as follows: 
The moving coil or armature 25 of product 
relay I} is spring biased by a hairspring 22 (ligs. 
1 and 10) and as shown in lig. 10, the spring 
can be loosened or tightened by rotation of disc 
25 to which one end is attached, the other end 
of the spring being flxed fo the shaft of arma- 
ture 2. lor a given setting on disc 25, there 
will be a balance point or equilibrium when the 
torque created on the armature shaft by the reac- 
tion of fleld winding 2} will be equal but opposite 
to the spring torsion and at that point the arma- 
ture wfll be at test with the contact arm of 
double contact switch  out of contact with re- 
spect to the contacts, namely with both con- 
tacts open. 
If the altitude is changed this will cause a 
change in current in the fleld winding 24 and 
the armature coil 25 will move clockwise or 
counter-clockwise depending upon whether the 
current is increased or decreased. This will re- 
sult in the contact arm of switch $ closing 
one side or the other of the contacts and there- 
by the servomotor 8 will be rotated in one or 
the other direction, thereby increasing or de- 
creasing the speed of the film and of the tachom- 
eter generator. The tachometer generator thus 
will supply fo moving coil 2 a current in pro- 
portion fo the change and when this reaches 
the balance point the moving coil or armature 
 will again swing to the balance point due to 
the action of spring 22. Since sprfl]g 22 is a 
hairspring, it will hot marrer whether the move- 
ments of the armature 2 are additive or sub- 
stractive to the torsional effect, since the tend- 
ency of the spring will always be to establish the 
equilibrium or balance point. 
In like manner, changes of ground speed in- 
troduced manually by variation of resistance in 
the armature circuit by manipulation of variable 
resistor 24 will result in an out-of-balance which 
will swing armature 2 the one or the other 
way untfl the current in the moving coil or 
armature 28 has been changed fo give the bal- 
ance position with switch  in normally open 
position. 
Thus, for a preselected torsion on spring 22, 
whenever the equllibrium is disturbed by change 
of altitude or ground speed, the device will auto- 
matically bring the system into equilibrium after 
changing the film speed of the camera to suit 
the new conditions called 'for. 
The foregoing particular description of a se- 
lected embodiment of the invention is illustra- 

tie merely .and-is not intendedas deflring 
limits of the invention. 
I claire: 
1. lor an aerial camera of the type described 
5 having variable speed drive for thè film, a film 
speed control means comprising in c0mbinai.on 
a radio altimeter providing a current s!bstan- 
tially proportional to altitude; a tachometer 
generator driven with the film drive of the 
10 camera .providing a current substantially pro- 
portional .fo film speed; a product relay hai-ng 
a flxed fleld winding nd a moving.armature coiÏ; 
electrical connections between the tachometer 
generator and the armature coil and between 
15 the radio altimeter and the fleld winding; manu- 
ally operable variable resistance in series with 
the armature coil graduated in terres of ground 
speed of the aircraft carrying the camera, for 
introducing a factor proportional to said ground 
2O speed; a hairspring acting on said moving cofl 
against the torque of the energizing currents 
in said coil and winding obtained from said 
radiV altimeter and tachometer generator fo 
maintain the coil in a position of equflibrium 
25 for selected values of altitude and ground speed; 
a pair of switch contacts; a switch arm nor- 
mally out of contact with said contacts when 
said coil is in the position of equilibrium and 
movable with said coil into contact with one of 
$0 the other of said contacts when said coil swings 
one way or the other under changes of value of 
altitude or ground speed; a servomotor in cir- 
cùit with said switches fo be driven in one direc- 
tion o rotation or the other depending on which 
35 switch contact is closed; and connections 
tween said servomotor and the variable speed 
drive for the film whereby the film speed will 
be increased or decreased in accordance with 
changes of altitude or ground speed until the 
4O position of equilibrium is again reached. 
2. l%r an aerial camera of the type described 
having a variable speed drive for the film the 
combination with a radio altimeter and a tachom- 
eter generator driven with said variable 
45 speed drive; of a product relay having a flxed 
fleld and a moving armature; a circuit connect- 
ing the flxed fleld of the relay with the radio 
altimeter to permit it to receive a current pro- 
portional to altitude; a circuit connecting the 
50 armature of the relay with the tachometer gen- 
eratorto permit it to receive a current propor- 
tional to film speed; a variable resistance in the 
armature circuit for permitting manual altera- 
tion of the current proportional to film speed in 
accordance with the ground speed of the aircraft 
carrying the camera; resilient means acting on 
said armature and adjustable to cause balancing 
of the torque caused by the interaction of the 
60 flxed fleld and moving armature ata desired f-dru 
speed; a switch contact moving with said arma- 
ture as it swings due to unbalancing of said 
torque and resilient means when altitude or 
ground speed are changed; a pair of switches 
65 alternatively operated by said switch contact 
to close one or another circuit; and a servo- 
motor operated in one or the other direction of 
rotation by closing of one or the other switch 
circuit, said servomotor being drivingly con- 
70 nected with said variable f-dru speed drive to 
alter the speed thereof either tu]der automatic 
influence of changes of the current proportional 
to altitude or under manual influence of changes 
in the current proportional fo f-dru speed, untfl 
7OE balancing the torque and spring are again 



tained, whett Satd Switch contact will be out of 
contact with both switches. 
AUGUST RASPET. 
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